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nzaoHLAHsaoB 



This invention relates to a tubing anchor, such as a 
liner hanger, that is a arrangement for locating and 
sealing a section of liner downhole relative to an existing 
casing. The invention alfJO ^ & ^ ^ 

apparatus for use in providing such an anchor or hanger. 

in oil and gas exploration and extraction, it ia 
conventional to line the bores drilled to access subsurface 
hydrocarbon-bearing formations with steel tubing The 
upper section of a bore is typically lined with ateel 
"casing-, while the lower section of the bore is provided 
with -liner-, which is hung off the lowermost section of 
casing. The liner is secured and sealed to the casing 
using a liner hanger comprising an arrangement of slips and 
elastomer seals, which seals may also serve to energise the 
slips. 

Conventional liner hangers are relatively complex and 
expensive and occupy a significant annular space, necessary 
to accommodate both the gripping slip segments which 
support the weight of the liner and resist the differential 
pressure forces which may be generated across the 
liner/casing overlap and the elastomeric seals which 
prevent pressure leakage past the overlap. Accordingly, 
there may be a significant loss in bore diameter at the 
liner: for example, accommodation of a 7- diameter liner 
normally requires provision of a 9 5/8- diameter casing, 
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and a 5- l iner a 7 . caging 

The maintenance of the integrity of the , 

prob1 ™"- — * «* Pt<iS . ure w ; h " — 

wells, which a y.« k 9 temperature 

hich are increMlngly ^ ^ 

" " a30rit " " — . Uner eection WU1 be 

eaMMed iB - ^ Cent . lutIy dw , * 

•»d the borehole „ll. . , ° °" 

In eh amlo »»«' have welted 

in the predion „ £ Bechani8mo BUeh J« 

rotated dnrin, che U "« « be 

coverage around the liner and th J 

uner and the subaequent bond between 

..ction. o £ th. uner h^er while the caalng i. rot 

in addition, circulating porta are provided in the 
I" h " 9 " " <™ the _l UB ; 

he slurry „ byp ... ^ Un>r ^ J 

* T — « « — P..a the liner 

^er before the liner i. t inall y .., thu . ^ 

the annnlu. i. mi ed with uncontested ce„ot , lmy . 

The provision of these b<.a*.,„- ^ . 

bearin 3 s and circulating porta 
add further complexity t-,, a „ •, 

ompiexxty to an already complex system. 

It is among the objectives of embodies of the 

Present invention to provide a liner hanger arrangement 

which obviates and m iti ga tes at least some of these 

disadvantages. In particular, embodiments of the present 
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invention provide relatively simnl „ 

to-metal seals. UM me *al- 

It is among the objectives of other em w 

embodiments of the 
present invention to provide a Ho u' , 

^ iae 3 downhole method 

toning, to , .action of exieting c.^ 

According t0 M „P« t o£ tto ^ inven 

the method comprising the etepe of, *' 

ieeetT" " ^ " ^ ~* -t « 

overlapping relation with at leaat 

easing and -* ° £ the 

Pla.ticall y deforming , portion of the liner ench that 
an erternai £ aoe of .aid portion £oraa . ^ 
» th an interna! £ a=e o £ a portion o £ the caaing to provide 

Xeaet on. of hanging . upport for ehe ^ — _ 
tight aeal between the liner and e«.ing. 

the mention al.o relate, to liner Ming £or 
- the method. ln on . embodiment of the invention, at 

least the portion of liner to 

xxner to be expanded is of a 

relatively ductile material. 

The plastic deformation of the portion of i iner to 
create an interference fit with the casing and provide 
hanging support for the liner obviates the r equirement to 
Provide slips or the l ike on the l iner . and also a 
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mechanism to energise the slips, and thus the liner outside 
dieter may be relatively close to the i„ eide diiUBBter Qf 
Che casing. The creation of fluid-tight seal obvlatea the 
requirement to provide conventional elastomeric seals 
requiring setting and energising. 

Preferably, aaid portion of li„ er ia deformed by 
rolling expansion, that is an expander member is rotated 
within the liner with a face in rolling contact with an 
internal face of said portion. The expander member may 
describe the desired diameter and is preferably urged 
radially outwardly into contact with the liner. such 
rolling expansion causes compressive plastic deformation or 
yield of the liner and a localised reduction in wall 
thickness resulting in a subsequent increase in liner 
diameter. 

Preferably, said deformed portion of the liner is 
annular . 

Preferably, the portion of liner is deformed to create 
a pressure-tight seal between the liner and casing. Most 
preferably, the seal formed is a metal-to-metal seal. 
Conveniently, the portion of liner includes a relatively 
soft material, such as a relatively soft metal, which is 
plastically deformed during the expansion of the liner 
portion. The soft metal may be provided as an annular 
coating or insert. In other embodiments other sealing 
materials may be utilised, such as elastomers, or the 
relatively soft material may be provided on the casing. 

The portion of liner may be deformed to extend into or 
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otherwise e ngage a preformed p rofile in the caging a 

of a method i„ accordance with ^ e ^ diment Qf J 

invention may involve ^ ^ ^ ^ ^ 

Profile prior to ^ ing the Uner intQ bore 

Alternatively, the portion of casing ^ alao be 

aether with the liner, and the deformation of the caein g 

^ ^ 6laStiC ~ Pl3atic - ™* 1-r .ay b e deformed at 
two or .ore axially spaced locations. Thus, the liner and 
possibly also the casing may be deformed fcQ ^ & 
Plurality of axially spaced profiles. 

The liner may be initially secured in the casing at 
least against relative rotation, by deforming the liner in 
particular by radially extendin g circumferentially spaced 
areas of the liner to £orm correaponding ^ ^ 
interference fit between the li ner and the casin g 
Preferably, these areas are then extended circumferentially 
to form annular areas of interference fit between the liner 
and casing. 

The portion of the liner may carry relatively hard 
material on its external face, which material will tend to 
bite into the opposing faces of the liner and casing to 
provide a more secure coupling therebetween. The material 
is preferably in the form of relatively small discrete 
particles or pieces, such as balls, chips or the like of 
relatively hard metal such as tungsten carbide. The hard 
material may be held in a matrix of softer material. 

The method may further comprise the step of cementing 
the liner in the bore. This may be achieved fay 
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cement from aurface to ^ ^ ^ ^ ^ ^ 
preferably through a combined running and cementing string 
and tool, directing the cement into the annuls between the 
ixner and the bore wall and displacing well fluid from the 
annulus, to aubatantially fin the annulus with cement 
Preferably, the portion of the liner is expanded once the 
cement is in place in the annulus; the displaced well fluid 
may therefore pass between the upper end of the li„ er and 
the lower end of the casing. Preferably, the liner is 
rotated as the cement is passed into the annulus, thus 
there is preferably a releasable coupling between the 
running tool and the liner to permit transfer of torque 
therebetween. 

Preferably, the liner is run into the bore on a 
running tool carrying an expander including a body and at 
least one radially extendable member mounted thereon, the 
running tool being rotatable to move the member around the 
portion of the liner to create the desired deformed 
portion. Preferably, the member is a roller, and the 
roller may define a raised surface portion to create a high 
pressure contact area. The expander may be provided with 
two or more rollers, and a plurality of the rollers may be 
radially movable. Most preferably, the member is fluid 
pressure actuated, but in other embodiments may be 
mechanically actuated. Conveniently, the member is coupled 
to an axially movable fluid pressure actuated piston, the 
Piston defining a cam face for engaging a cooperating cam 
face on the member, m other embodiments, the expander may 
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include a cone or the like, and the cone .ay carry a number 
of rollers for engaging and expanding the li„ er . A 
cleaning pig , a wiper , or the liJce may ^ ^ ^ 

liner running string and expander prior to activating the 
expander. 

According to a further aspect of the present invention 
there is provided a method of securing a liner in a drilled 
bore to a section of previously fitted casing, the method 
comprising the step of circumferentially expanding a 
portion of the liner by compressive plastic deformation to 
produce a localised reduction in wall thickness such that 
an external face of said portion forms an interference fit 
with an internal face of a portion of the casing to provide 
at least one of hanging support for the liner and a fluid- 
tight seal between the liner and casing. 

Preferably, said portion of liner is deformed by 
rolling expansion, that is an expander member is rotated 
within the liner with a face in rolling contact with an 
internal face of said portion. The expander member may 
describe the desired diameter and is preferably urged 
radially outwardly into contact with the liner. 

According to another aspect of the present invention, 
there is provided a liner running and setting tool 
comprising: a body for mounting on a running string and for 
location within a portion of liner to be positioned within 
a portion of casing; and a radially movable expander member 
mounted on the body, the member being movable to 
plastically deform the liner portion such that an external. 



WO 00/37772 



PCT7CB99/04363 



8 



ac. o the portion tom . „ int „ £etence £u ^ 

internal £aoe 0£ th e CMins ^ to provide K w 

of ha« 9 in g eopport £or th . lw a fluia _ t 
between the liner and casing. 

Pre£ ' rably ' the tMl 10 to b. .. lMtlvely 

rotatabU relative to th. liner Md the ^ ^ 

a roHer euoh that the portion of lin.r may ha deform., by 
rollin, a^aion. that i. th. expander me ^ r it rotaeed 
within th. liner . ith , tac . „ ooMact ^ 

internal faoa of ..id portion. Preferably, th. roli.r 
define, a raiaad surfaee portion to oraata a high preeenr. 
oootaot ar... Th. tool „ay be provided „it„ tvo or mora 
rollara. ana a plurality of th. roU.r, nay b. radially 
movable . 

Preferably, the member is fluid pressure actuated 
Conveniently, the member is coupled to an axially movable 
Pieton. the piston defining a cam face for engaging a 
cooperating cam face on the member, m other embodiments, 
the expander may include a cone or the like, and the cone 
may carry a number of rollers for engaging and expanding 
the liner. Alternatively, the members may be piston 
mounted. The tool may include axially spaced expansion 
members, whereby the liner may be deformed simultaneously 
at two spaced locations. However, it is preferred that the 
expansion of the liner occurs only at one axial location at 
a time; the expansion member may then be moved axially 
within the liner to another location if desired. 

Preferably, the tool defines a throughbore to permit 
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cement to be passed through the tool 

— ~l«iv. to the liner 
Tbe tooi „„ be ptovided in 

- „ herein « ^ ^ 

- ou« r surface ther . of _ sueh as t ; r1 * 1 - 

r — . Ihe . oft _ „/ be : ~ - 

annular coating or inaert In „„. 8 
fiMl . " ° ther Raiments other 

eealmg materials may be utili^ 

DOM .< . Utili8ed ' sucfa « elastomers. The 

portion of the liner mav ea »-™ , . 

er may carry relatively hard material on 

«- -cur, coupiin, tnwb . c _ 

P« e tibly in the form of relatlvely ^ ' 
such as tungsten carbide Th» ... i 

-terla! eay be held in 

a matrix of eofter material. 

*ccordin g to , 8till further ^ q£ 

• portion o* the Xi». r u of . ^ 

o eaciirtat. deformation and Preferential eroanaion 
thereof. 
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Said p ortio „ of the liner .ay be fori** by selectively 
heat treating a section of the liner, or may * forraed Qf 
a different materia! and be coupled , £or ^ 

or via a screw thread, to the less ductile portion of 
liner. 

According to a still further aspect of the present 
invention there is provided a method of anchoring 
expandable tubing downhole, the method comprising: running 
a section of expandable tubing into a bore such that at 
least a portion of the expandable tubing is located within 
of a section of existing tubing; locating a radially 
extendable tool within said portion; and activating said 
tool to plastically deform and circumferentially expand 
aaid portion into contact with the existing tubing and 
anchor the expandable tubing thereto. 

The invention thus allows a section of expandable 
tubing to be anchored in a bore without requiring the 
provision of conventional anchors, tubing hangers or 
coupling arrangements, such as radially extendable keys and 
corresponding profiles. 

Said portion of the expandable tubing will typically 
be an end portion of the tubing, and may be the leading or 
following end of the tubing. 

Preferably, relatively ductile material, typically a 
ductile metal, is provided between the portion of 
expandable tubing and the existing tubing, and conveniently 
the material is carried on the outer surface of the 
expandable tubing. Thus, on expansion .of the inner tubing 
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the ductile material wil l tend to flow or ^ 

C e points ot contact between th£ iesa ducme ^ jru- 

the expandable tubing ^ exigting 

*»Uty of the seal between the sectiona , £ 
Preferably, the material ia provided ^ ^ ^ ^ 
plurality of axially spaced bands . ^ e ^ 
and the existing tubing will typically fae ^ ^ ^ 
while the relatively ductile material ^ be lead ^ 
another relatively soft metal, or my ^ ^ ^ 

Preferably, relatively hard material may be provi<Jed 
between the portion of expandable tubing and the existing 
tubing, such that on circumferential expansion of the 
expandable tubing the softer Serial of one or both of the 
expandable a nd existing tubing deforms to accommodate the 
harder material and thus Militates in anchoring the 
expandable tubing. Most preferably, the relatively hard 
material is provided in the form of relatively small 
individu.1 elements, such aa sharps, grit or balls of 
oarbide or some other relatively hard material, although 
the material may be provided in the form of bands or the 
like. Most preferably, the relatively hard material is 
carried in a matrix of relatively ductile material. 

Preferably, the radially extendable tool is run into 
the bore together with the expandable tubing. Preferably, 
the tool defines a plurality of circumf erentially spaced 
tubing engaging portions, at least one of which is radially 
extendable. Preferably, the tool is rotated following 
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— i. o £ .aid at laaat one tubing e 
Produc. an circu„,.ra.tiai _ _ 

" tPa ° dto1 ' — tha a«, tlng tubi „ g 

Pr. £ .rab ly . followlng ^ 

" iSti " 9 18 — through 

the tubing to expand the tubing. 

According to Met aapact o t tha p ra.ant tav ,„ tton 
thara „ pr ovid.d app „ atus for _ u 

"* dOMh ° U ' co»„ri.i„ g a bod, £or 

^cation in a P ortio„ o£ a3tpandahle ^ 

P luraUt y o£ ti « wislly ^ ^ 
Portion., at iaaat on. o t th. tubing angagi„ g taatam 
bain, radian artandahla to incraaaa th. .„. ctiva 
d^t.r d. £ in.d a, th . tublng angaglllg ^ ^ 

produc. ai^tic deforoation ot th. tubing whe „ 

«* tubing .urging c<mtact the expandaj3U tubtag 

•u ££ iciant to anchor th, axpandaM. tubing in a mmml ^ 
tubing. 

The invention also relaten t-« 

relates to the use of such an 

apparatus to form an anchor. 

Preferably, the apparatus comprises at least two and 
preferably three tubing engaging portions. 

Preferably, the tubing engaging portions define 
rolling surfaces, such that following radial extension of 
said at least one tubing engaging portion the body may be 
rotated to create a circumferentially extending area of 
contact between the expandable tubing and the surrounding 
tubing. i„ other embodiments the extension may be created 
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in a step-wise fashion. 



»o« prefer. the tuhlng 
th. te. o£ radl . Uy ^ lero Tb.roll.r. 

""""^ — ™»« a circu^r.oti.1 b 

to provide , small area contact mrf , ce . rU> ' 

Preferably, said at least on. tubing e» a aain„ 
< a «n . * * en gagmg portion 

ir, a ™- »*• - — 

Z, ■ OOUPled <° 3 - ~ 9 , rsl. tl y. ly 

«uieh cce into contact »lth the tubin g it is p...^. to 
Prnduob high pressure forces on tb. tubing, allowing 
defection of relatively thic* and less ductile material. 

»«cb as the thicknesses and grades of St.., 

araaes of steel conventionally 

— in do^ol. tubing and casing. ^t preferably. , 
support for the tuhing engaging portion is coupled to s 
P« t on. prefer^ly via . be , rlng _ ^ ^ ^ 

permits relative rotational movement th.rebetw.en. 

The apparatus may b. provid.d in nonaction vith a 
downhole motor or- 

motor, or the apparatus may be rotated from 

surface . 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figures l and 2 are schematic illustrations of the 
formation of a liner hanger in accordance with a first 
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embodiment of the present invention.. 

Pi3Ur " 3 - «• 5 and pi9ures 

«"«.. , and „ _ plju „ s « « - », 

™„ee .it. other ^te o £ the preaent J. J 
on lines 18-is and 19-19 o£ Figures is and ic 

— - — ^ .it;:;r;;r • 

A variety of liner hangers in =, 

9 in accordance with 

° £ ~ Mention „U1 t l„t o. 

»«thod whaoh nav be utiii.ed to tor. the h^a. 

Reference is firat M de to n^re. i ^ a o£ the 
<ra»i„ 9 s which are schematic Uin.tr.tion. o £ the ioroation 
o a laner han g er 1, in acoordance with a £1 „ e 

^ ™ «- «•«- .ho. the lower end 

o . eeotion „ £ pre-Wailed c,.in 9 11 and the npper end 
° £ a eeotion o £ liner 1. which ha. hee. , into , 
lined with ca.in 3 a . „ upper ^ q< ^ ^ ^ 

7 iCl0 " d in relation with the iower end o £ 

the casing 12. 

The oa.i» g u £eatures two ^ 

Pr ° £ilee », *■ «W be deecribed. the npper 
end o £ the iW 14 is deforTCd by ^ ^ 

i. an expander nenher in the £ori> o£ a roller is rotate(J . 



WO 00/37772 

PCT/GB99/04343 



15 

vithin the l iner 14 withaface 

internal face of the ^ ™ with the 

d e formation of the 1±ner ' CaUSe ^essive plastic 

- thickneas resulting in a n :;j;;;- — in 

—c. as ia „ ^ pig J7 ~- in liner 
carried out in two steps and t „ ' eXpanfli °n ie 

neater deformation at the are, • e *Periences 

cne area an contact with *-k 
Portion, the raised portion k • 

-in, prof ile 16 , to ^ ^ the 

*» «- Uner l 4 . A . ^ — P-file 18 

second male profile 19 ( . 
moving the roller expander to ""^ by 

xpander to a second lower location t 
the second sten r>* t-v. A °cation for 

° step of the expansion process. 

The interference fit between 

the casi M „ CXPanded Une * " and 

ne cas *ng 12, and also th* „ 

Profiles 16 , 17 18 ^ " ^ C °° Perati0n the 

' ' 18 19 ^ such that the resulting ! • 
hanger io provides both han*ina result "* Uner 

and 9 9 aUpport for the liner 14 

and a pressure -tight seal k« 

14 and casing 12. 

-hie lu „. trata , liMr £ th « 

with a „ , n acc °rdance 
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3 a»e as described stove, however the User „ i, provided 
with bends of r.l. t iv. ly .« e Mt „ ul a<> ^ ^ ^ 
locations correspond™,, to ihe caalng W|| j( ^ 
According. „ hen the liner 26 ^ ^ ^ 

»1. profiles 3,. 33, the bsnde o, ductiie M „l „ 23 
extend into the csei„ g profiles 29> „ ^ ^ ^ 

provide e sealino contest with the oppoeing surfsce, of the 
profiles 29, 30. 

Reference is now made to Figures 5 and 6 of the 
drawings, which illustrate a liner hanger 3* i„ accordance 
with a third embodiment of the present invention. Like the 
second embodiment, the liner 38 carries bands of relatively 
ductile material 39, 40, however there are no preformed 
profiles provided in the casing 42. i„ this embodiment, 
sufficient internal force is applied to the liner 38 to 
cause compressive plastic deformation of the liner 38 and 
subsequent radial expansion of the casing 42 up to and 
exceeding the casing yield point. 

Reference is now made to Figures 7 and 8 of the 
drawings, which illustrate a liner hanger 36 in accordance 
with a fourth embodiment of the present invention, m this 
embodiment, sufficient internal rolling compression and 
subsequent expansion of the upper section of the liner 48 
creates high radial interference between the outside 
diameter of the upper section of the liner 48 and the 
inside diameter of the lower section of the casing so. 

Reference is now made to Figures 9 and io of the 
drawings, which illustrates a liner hanger 54 in accordance 
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with a f ifth embodiment Qf the preafint invention t ^ 
-thod of fo^tion of the liner hanger ifl ^ 
of Uner hanger 46 as de8cribed ^ ^ 
embodiment the outer face of the upp er action of the liner 

" Carri6S 3 ^ ° f dUCtil « — 1 sa and an annular 
elastomeric seal SO, such that on expansion of the li ner 56 
the metal 58 is deformed and flows between the liner 56 and 
the casing 62, and the 8eal 6Q ig ^ 

contact with the casing 62. 

Reference is now raa de to Pigurea Xl and „ Qf ^ 
drawings which illustrates a liner hanger 66 in accordance 
with a sixth embodiment of the present invention. ln this 

emb ° diment ' 69 is *«— of expandable tubing 

which has only been partially expanded at its lower end 70 
to form a cone 72. The liner 74 is then run into the 
casing 68 and the liner top 76 expanded to form a matching 
cone 78 to the casing cone 72, such that the liner 74 may 
be hung from the casing 68. The upper end of the liner 74 
xs then subsequently expanded by compressive deformation to 
create a pressure seal, as illustrated in Figure 12. 

Reference is now made Figures 13 through 17, which 
illustrate the stages in the running and cementing of a 
liner in accordance with a preferred embodiment of the 

present invention, and also illustrate the apparatus which 

may be utilised to form a li ner hanger. 

Reference is first made to Figure 13 of the drawings, 

which illustrates the liner 100 which has been run into the 

uncased section of a bore 102, below the lowermost casing 
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being goKmmd of a re l ative l y ductile ^ ^ 

welded to the upper end of the lower section of liner xoob 
-e liner xoo is run in to the bore on a running and 
cementing string X0 6 , the liner 100 being raounted ^ ^ 
string 1M via a rotary hydraulic expander X08 and a 
locking swivel no. The expander X08 is located at the 

wiper plug 112 is runted to the lower end of the swivel 
HO. The liner XOO itself defines a stop collar XX4 and 
the lower end of the liner XOO is provided with a float 
shoe xx 6 including two one-way valves XX8. 

The liner XOO is coupled to the swivel XXO by a series 
of retractable pins which, in the initial configuration 
prevent relative axial movement between the string X06 and 
the liner XOO. A further series of pins extends from the 
expander X08 and, in the initial configuration, prevent 
relative rotational movement between the string X06 and the 
liner 100. 

Prom Figure X3 it will be noted that the expander X08 
and swivel lio are tubular, such that cement and other 
fluids may be pumped from the surface through the string 
106, and the expander X08 and the swivel XXO through the 
interior of the liner 100 and out from the valves XX8 in 
the float shoe X16. As cement slurry is pumped in, as 
illustrated in Figure 14 of the drawings, the fluid in the 
bore externally of the liner 100, and in particular the 
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the a tri „ g 106 ^ o£ che ■ "«* 

r:r. the - °- - ™;t 

cementing operation. 

The predetermined volume of cement slurry that lfl 

pumped down through the string i 06 the ^ , 

. , 9 6 ' the gander 108 and 

the swivel no. The dart 126 i a „H= • . 

cart 126 lands in the wiper plug 112 
and pulls the plug 112 from ^ ^ 

The dart 126 then continues to m™, ^ 

t0 move downwardly through 
the string 106 with , "«>ugn 

"y j.u*>, witn the wiper plug 112 t-„ . 1 
. ^ 9 ■ , " L2 ' to "clean" the 

collar 114, a. .hown in p igu re 16 . 

« thi. poi M , the £luid preMuri >ithln ^ scring 
«# .Ul increaae. indicating ^ ^ ^ ^ 

«- 1W „a„ ging op«. tlon ia ^ a 

actuation o f th . rotary hydraulic ^ 
•hould no. alao b a „a d . to pigure , „ ^ ^ 
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drawings, which illustrate th. u 

te the schematic eech^n 

Th - — — »• — — . ««. „ u „. *-~*«*. 
« - ™ y ^ relative t ~ - • 

Preferred e^c^. the ""«<>• '"the 

«™ ingwithaoo „ e J-- rr: ^ £0 r 

pi "- — ■ - ~ ,o .: ing *7" 

~e. _ ^ witWn 

urges the rollers 128 „ " ld 

relative to the lin«v rollers 128 

he Uner 100 «d casing 104 ( it . hr , ,„ . 
-ted that the diameters of the ro n 

1 cue rollers 128 have h»»„ 
eoggereeed) , end on application «, , 

° £ ''•"ted fluid pre.aure 

« the mt.rior of t „. „„„„„ „, / J" 

— - ... - ™ _ of th . „^ ; ;; 

rr ~ ° £ ~ « * u„: : r 

" 7" ~ -oh prevent furth. 

«1. xve rotetlon hetwe. th e Uner 100 end the caein, ^ 

Utile* 0 " ^ ~ 

"letrve rotation het.ee„ the ^ ,„ and ^ ^ 

eurfao!' T" " " '~ ™ «~ 
urfaoe. and the. the e^nder 10. rotatee relative to the 

U».r 100. th. rou.re.1,. pro-am, around oh. Inner 

—ter of th, uner 100. In rollino. contact therein 
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«— ==^r... lv . plMtlc " U °« »° 

■ l~a lio<!d ..^^ "* 10 „ ^ 

— . — „ iac „;::;: - - — 

illustrated in PigurM , . „ ° UCh » *>~ as 

H>e running string i OS , wi , h t . 

13 the * pulled out of m fl u , 
^re 17 . the lockino . ° f thS as shown in 

ne locking p ins extending between th« 
HO and the liner loo beino a SWivel 

100 when the ^ " f ~» «- 

wnen the swivel no 

— ~rz.rjir:: c - - 

in profile n™. sli » 
e ' tfaU8 Priding enhanced nl 

Rising the loss of dialer between ^ 
liner. between the casing and 

lfc al8 ° be a PP«e»t to those of eJcill in «. 

-t the above described embodiments „ J ^ « 
and that various modification- , . e ««Plary, 
-reto without ^ ^ -V be „ 

mention. Por ^ ^ ~~ « «- P-ent 

example, although reference ia ma „ 
Primarily herein to liner hangers the I 
utilieed in 1 , invention may be 

sed ^ l0C3ting «* °«ling many differs , 
expandable tufe,« • ai "erent forms of 

S tUblri 9 ln listing tubing. 
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CLAIMq 



1. A method of installing a liner in a drilled bore below 
a section of bo re previously lined with casing, the method 
comprising the steps of: 

running a length of liner into the bore such that at 
least an upper end of the liner is positioned in 
overlapping relation with at least a lower end of the 

casing; and 

Plastically deforming a portion of the liner such that 
an external face of said portion forms an interference fit 
with an internal face of a portion of the casing to provide 
at least one of hanging support for the liner and a fluid- 
tight seal between the liner and casing. 

2. The method of claim 1, wherein said portion of liner 
is deformed by rolling expansion, that is an expander 
member is rotated within the liner with a face in rolling 
contact with an internal face of said portion, to cause 
compressive plastic deformation of the liner and a 
localised reduction in wall thickness resulting in a 
subsequent increase in liner diameter. 

3. The method of claim l or 2, wherein said deformed 
portion of the liner is annular. 



4. 



The method of claim l, 2 or 3, wherein the portion of 
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liner U a. £orTOd to =reM , . pressure . tight 

the liner and casing. ecween 



S. The .ethod o, clai. 4 . tth . t , in the ^ 
metal-to-metal aeal. 

«• The „e th cd o £ ciai„ . „ ^ 
Pro» ldiB3 tne potion c £ lin er with . h^ o£ M1 " 

■Oft metal which is p lMtlclUy defo _ d 
expansion of the liner portion. 

7. The method of any of the preceding claims, wherein the 
Portion of lin er is deformed to extend ^ & 
profile in the casing. 

8- The method of claim 7 furi-h.^ „ . 

/, further comprising deforming 

the casing to define the profile D Hnr #-„ 

protixe prior to running the liner 

into the bore. 

9. The method of claim 7, further comprising deforming 
the portion of casing together with the liner. 

10. The method of any of the preceding claims, wherein the 
ixner is defortned at two or more axially spaced locations. 

11. The method of any of the preceding claims, wherein the 
liner is initially secured relative to the casing by 
deforming the liner by radially extending circumferentiaily 
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spaced areas of the liner to 

12. The method of claim n 

of claim u, wherein said areas are then 
extended circumferentially to for™ ' , 

*y co form annular areas of 
interference fit be t„ee„ the 1W and casing " * 



coapriein, th> , t . p of = . mntin3 iw ^ ^ ^ 
«. The Mthed Q f clai „ 13> ^ caTOntins is 

7 tta " * — — »— • - —*» .trin 9 » d 
OCX. oireetin, eh . ceTC „ t lnto the ^ 

liner en, ehe ^ „, u di . pUclllg ^ ^ ^ 
ennulu.. to .uh.tenti.Uy fiU the enn Ul u. wlth eem . nc 

15. The „. t nod of clii „ 13 „ ^ uhetein t|je portion of 
the liner i. expended once t „. C e«nt ie in p Uoe ln ^ 
annulus . 

16 ' ° f Claira 15 ' herein the l ine r is rotated 

as the cement is passed into the annulus. 

17. The method of any of the preceding claims, wherein the 
liner is run into ehe bore on a running tool carrying an 
expander including a body and at least one radially 
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extendable member mounted thereon , ^ 
liner to create the desired deformed portion. 

18. A met hod of securing a l W in a ^ ^ & 

section of previously fitted casing, the method comprising 
the step of deforcing a portion of the liner by compressive 
Plastic deformation to produce a localised reduction in 
wall thickness and subsequent increase in diameter such 
that an external face of said portion forms an interference 
fit with an internal face of a portion of the ca Bi „ g to 
Provide at least one of hanging support for the l iner and 
a fluid-tight seal between the liner and casing. 

19- The method of claim 18, wherein said portion of l iaer 
is deformed by rolling expansion. 

20. A liner running and setting tool comprising: a body 
for mounting on a running string and for location within a 
section of liner to be positioned within a section of 
casing, and a radially extendable expander member mounted 
on the body, the member being movable to plastically deform 
a portion of the liner section such that an external face 
of the portion forms an interference fit with an internal 
face of a portion of the casing section to provide at least 
one of hanging support for the liner and a fluid-tight seal 
between the liner and casing. 
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21. The tool of claim 20, vhe^ 

— is ^ » ithi „ the liMt . ( .„t™ r 

contact „itn an lnMtnal f , M q£ ^ ^ 

^ " 01 ° f ». ...rain th. toll „ 

rai.ed aurface to ° U « **— a 

" " hl3h contact 

Tb * <* <=lai» „, rt,^ 

»ith two or »or. roller.. ^ " P ~ vid - 



24. The tool of claim o-a 

claim 23 , wherein a plura 

rollers are radially movable. 

flurd proaaor. actuated. 

«• Tn. tool Of dale ». wlMrel „ ^ ^ 

I" ™ - a Z. L 

for an,. gl n g a cooperating ca. rac. on th. rort „ r . 

C ° 01 ° f ° £ ° Ui - " » «■ —.in tn. tool 
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a coupll„ 3 fot ** " here " «- tool 

a r reieasably engaging the n 
P—t tester of torqu . c „„ ebeeweeii 

«■ The tool of ,„ y o£ claima 20 
30- The tool aad lin „ co ^ oation ^ 

che ~ ° £ «~ i-— - a»ul.r oeoo of rla ? 

•oft Mt etl al on „ ou ter . urf _ therM£ 

The tool M c ^ in>tion of cUin 

Wh r i ° °" - «- U~ cattiea r . latively 

material on an M t-o~^-> * nard 

bit. into " ' " hlCh -W — to 

into the oppoe i „ 3 faeM o£ ^ 

provide . mote eee^e coopli n3 th.tehet.eeo. 

the h^ ^ UneC CMbl0 " i0n * — »• Vh.t. ln 

the herd «„U1 i. in tha fom o£ ^ 

discrete pieces. 

33. The too! eoo Unet c«. lM[iol o£ clai „ „ 

the hata is held . Mtrix of <ofter nattriii 

34. A solid liner „ het ei„ lt UMt , o£ ^ ^ 
- of , reletively ductile mt ^ „ ^ 
expansion thereof. 
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3S. A „ethod of anchoring expandable Cubing 
-ethcd coding, ,™n ing . aection of ^ 
into a bo., ouch that at lmt , of ^ 

tubing is located within of a eection of exi. ting 
locating a radially extendable tool within eaid portion' 
and activating eaid tool to plaetlcally defer* eaid portion 
into contact with the exieting tubing and anchor the 
expandable tubing thereto. 



3*. A method of anchoring expandable tubing in a drilled 
bore to a section of exieting casing, the method comprising 
the step of deforming a portion of the tubing by 
compressive plastic deformation to produce a localised 
reduction in wall thickness and subsequent increase in 
diameter such that an external face of said portion forms 
an interference fit with an internal face of a portion of 
the casing. 

37. The method of claim 36. wherein said portion of tubing 
ie deformed by rolling expansion. 
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